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75 Hawthorne Street
San Francisco, California 94105

Dear Federal Facilities Coordinator:

Enclosed is a copy of the "Phase I Preliminary Assessment (PA) Report" of the Orphan Mine
located at Grand Canyon National Park, Arizona. This Preliminary Assessment was conducted
by the National Park Service (NPS) to determine if a threat to human health and the environment
is imposed by the for limited exposure to NPS employees and visitors to low levels of
radionuclides via the air pathway.

Although the HRS pre-score for the site was calculated to be 13.47, well below 28.50, NPS
decided to proceed with a more comprehensive study of the issues in an effort to be most
protective of human health and the environment. The results of this study, documented in the
"Site Inspection and Remediation Risk Assessment Project" report are currently being evaluated
by the NPS. Once this report is finalized, we will forward a copy to your office for your review.

Should you have questions or comments, please contact Curt Edlund, Chief of Maintenance, at
telephone number 520-638-7730.

Sincerely,

O
James T. Reynolds
Deputy Superintendent
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Phase 1 Preliminary Assessment Report



James_Ellman@contractor .n To Philip Armstrong/R9/USEPA/US@EPA
PS QOV

cc Shawn Mulligan@nps.gov
06/22/2007 12:00 PM

bcc

Subject Fw: Google Earth Image of Orphan Mine Site

Philip: As you requested, attached below is the Google Earth page with a
photo of a centrally located portion (the upper mine yard) of the Orphan
Mine Site with the latitude and longitude at the bottom of the page. Please
confirm with me that you received it.

Jim
Forwarded by James Ellman/Contractor/NPS on 06/22/2007 12:53 PM

"Mark Gemperline"
<MGEMPERLINE@do.u To: "Jim Ellman"

<James_Ellman@contractor.nps.gov>
sbr.gov> cc:

Subject: Google Earth Image
06/22/2007 12:50
PM CST

You have been sent a picture of the earth taken with Google Earth
(http://earth.google.com).

Google Earth streams the world over wired and wireless networks
enabling users to virtually go anywhere on the planet and see places in
photographic detail. This is not like any map you have ever seen. This
is a 3D model of the real world, based on real satellite images combined
with maps, guides to restaurants, hotels, entertainment, businesses and
more. You can zoom from space to street level instantly and then pan or
jump from place to place, city to city, even country to country.

Get Google Earth. Put the world in perspective,

earth.google.com

(See attached file: GoogleEarth_Image.jpg) GoogleEarthJmage.jpg
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EXECUTIVE SUMMARY

Harding Lawson Associates (HLA) completed a Phase I Preliminary Assessment (PA) of

the Orphan Mine in Grand Canyon National Park, Arizona, under the Denver Service Center

Task Order No. U43T0200-92-126. The PA was performed in accordance with "Guidance for

Performing Preliminary Assessments under the Comprehensive Environmental Response,

Compensation, and Liability Act (CERCLA) Guidance Document," dated 1991 (EPA, 1991b).

The purpose of the PA is to provide information that will be used to assess if the Orphan Mine

site poses a threat to human health and the environment and requires further investigation under

the EPA CERCLA site assessment process.

The site is located approximately 1.5 miles northwest of the South Rim Village and

consists of an approximately 3-acre upper mine area at the Canyon Rim with numerous

abandoned sheds and scattered mine waste and a lower mine area approximately 1000 feet in

elevation below the canyon rim with several adits and a large "glory hole". Copper ore was

mined from 1906 to 1959. Uranium ore was mined from 1951 until April 1969.

Several radionuclide surveys were performed at the site between 1981 and 1986. Results

of these previous surveys suggest that gamma radiation up to 3.0 millirems per hour (mR/hr)

emanates from mine waste at the site. Some of the previous investigators recommended that

mine waste be reclaimed by filling the main shaft at the upper mine area with the waste at the

site, and then capping the shaft with concrete.

The site is on the Coconino Plateau of the Colorado Plateau Geomorphic Province. The

shaft from the upper mine area encounters Kaibab Limestone, Coconino Limestone, Hermit

Shale, and Supai Sandstone and Shale. Groundwater is expected to occur at a depth greater than

1000 feet below the canyon rim in the Coconino Sandstone. The nearest permanent surface

water to the Orphan Mine is the Colorado River, approximately 2 miles and 4600 vertical feet

below the upper mine area. The mean annual precipitation at the site is approximately

16 inches occurring principally in the summer and winter seasons, as afternoon thunderstorms
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and winter snowfall. Mean maximum temperatures rang from 41 degrees Fahrenheit (°F) in

January to 84°F in July. Mean minimum temperatures range from 18°F in January to 54°F in

July. Generally, wind flows up and down the canyon from the north-northeast to the south

and southeast, from 2 to 4 meters per second.

On September 1 and November 4 and 5, 1992, HLA personnel visited the Orphan Mine

to assess current site conditions and interview personnel who previously worked at the mine.

The site slopes gently down to the southeast and is primarily covered with grass and bushes.

Other features observed at the site include red cinders used as a road base for truck traction, a

concrete ore storage pad at the southeast corner, several concrete foundations from former site

buildings, a shed containing an air compressor, and the main shaft headframe at the canyon rim.

Mine waste was observed scattered around the inside perimeter of the fenced site and outside

the fenced area to the west. According to a former mine employee, some ore may have spilled

over the edge of the trucks as they circled the site after retrieving ore from the hopper beneath

the main shaft headframe.

On September 1, 1992, HLA observed one underground storage tank that reportedly

contained diesel at the site. Approximately 5 inches of liquid remained in the UST. During the

November site visit, a reconnaissance radionuclide survey was performed at the upper mine

area. Background beta plus gamma radiation ranged from 0.01 to 0.04 mR/hr. Beta plus

gamma radiation above this background level averaged 5 to 10 mR/hr primarily around the

perimeter of the fenced area. Additionally, an area 60 feet west of the mine, outside the

fenced area, had beta plus gamma radiation readings above the background level. The radiation

readings were taken on individual rocks at the ground surface and decreased rapidly to

background conditions a few inches away from the rock. HLA observed the lower mine area

from Maricopa Point. Features visible were a large "glory hole" and remnants of the aerial

tramway that led from the upper mine area to the lower mine area.

HLA evaluated the groundwater pathway, surface water pathway, soil exposure pathway,

and air pathway, in accordance with the PA guidance document, to assess potential human and
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ecological exposures to contaminants from the site. These pathways were evaluated within a

4-mile radius of the site and for 15 miles downstream of the site on the Colorado River. No

active wells were identified within a 4-mile radius of the site; therefore, the groundwater

pathway was not scored and part of the PA.

The potential for chemical migration from site sources to intermittent perennial surface

water bodies is considered low. Runoff from the upper mine area flows away from the canyon

and is presumably lost to evaporation and ground infiltration. Runoff from the lower mine area

is toward Horn Creek, an intermittent tributary to the Colorado River. No drinking water

sources were identified within 15 miles downstream of the lower mine area on Horn Creek or

the Colorado River. However, the Colorado River is used as a recreational fishery.

T~ Target r*c*ntnr* erm«;iriiir*H for the soil exposure pathway are workers, residents, and

people attending schools and daycare centers within 1 mile of the site, and terrestrial sensitive

environments. The potential threat associated with the soil exposure pathway is considered low

because there are no residents, schools, or regularly present workers within I mile of the site.

However, the site is considered a terrestrial sensitive environment under this pathway because it

is within the Grand Canyon National Parkl

Radionuclides and other metals that may be present in surface soil on or near the site

could migrate from the site via the air pathway. Elevated beta and gamma radiation release to

the air are suspected based on previous radionuclide surveys. Targets receptors considered

under the air pathway include residents, students, and worker population within 4 miles of the

site, and sensitive ecological environments within 1/2 mile of the site.

The overall site score using the PA scoresheets and data from the four exposure

pathways wasJ3.47. According to EPA guidance, sites (such as the Orphan Mine) that score

less than 28.50 receive a recommendation for no further remedial action under the CERCLA

site assessment process.

HLA recommends that no one should enter the mine tunnels unless the radiation levels

are lowered. If the GCNP wishes to open the upper site area for public access site reclamation
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should at least include mitigating physical site hazards. Based on the results of the PA, HLA is

unable to assess if visitors and park employees direct contact with the site waste would cause

adverse health effects. If the site is opened, either a baseline risk assessment should be

performed to assess health effects resulting from direct exposure or the site should be reclaimed

to background conditions. For either scenario, the extent of mine waste at the upper and lower

mine areas and the magnitude of radiation should be assessed. The investigation and UST

closure would cost approximately $43,098. A baseline risk assessment would cost approximately

524,922. Since the site is not fully characterized, HLA is unable to present cost projections for

site reclamation.

HLA recommends that the identified underground storage tank be closed in accordance

with the Arizona Department of Environmental Quality regulations. This would cost

approximately $10,500.
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1.0 INTRODUCTION

This Phase I Preliminary Assessment (PA) of the Orphan Mine in Grand Canyon

National Park (GCNP), Arizona, was prepared by Harding Lawson Associates (HLA) to satisfy

:he requirements of Task Order 1443T0200-92-126 authorized by the National Park Service

(NPS) Denver Services Center (DSC) on September 30, 1992. This PA has been prepared in

accordance with (1) the Federal Agency Hazardous Waste Compliance Docket Reference Manual

(EPA, 199la), and (2) Guidance for Performing Preliminary Assessments Under the

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

(EPA, I991b).

The purpose of a PA is to provide information that will be used to distinguish sites that

pose little or no threat to human health and the environment from sites that require further

investigation under EPA's CERCLA site assessment process. The PA also identifies sites

requiring emergency response actions. The structure of the PA follows the structure of the

Hazard Ranking System (HRS) model (55 FR 51532, December 14, 1990), the mechanism used

by EPA to evaluate sites for inclusion on the National Priorities List (NPL). By definition, the

PA is a limited-scope investigation that emphasizes gathering information on people and

resources that might be threatened by chemicals migrating from the site. The PA generally

involves a site reconnaissance without collection of environmental samples (EPA, 1991b).

This PA is the result of observations made during a site reconnaissance on September 1

and November 4 and 5, 1992, and interviews of NPS and state agency personnel conducted by

HLA.

The objectives of the PA for the Orphan Mine are to:

1. Provide physical descriptions of potential sources of hazardous substances
associated with the site.

2. Identify human and environmental target receptors associated with the four
pathways: groundwater, surface water, soil exposure, and air.

3. Evaluate the likelihood of hazardous substances migration from the site via
groundwater, surface water, and air.
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4. Evaluate the likelihood for direct contact with soil by human and environmental
targets.

5. Determine whether CERCLA a Site Inspection (SI) is warranted.
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2.0 SITE DESCRIPTION

This section provides general site descriptive information including the site location, site

history, previous investigations, geology, surface and subsurface hydrology, and meteorology.

2.1 Site Location And Description

The Orphan Mine is located in GCNP midway between Powell Memorial and Maricopa

Point, approximately I 1/2 miles northwest of South Rim Village, Coconino County, Arizona

(Plate 1). The site lies within Township 31 North, Range 2 East, Section 14 (Plate 2). The site

is comprised by an upper mine area at the canyon rim and a lower mine area approximately

1000 feet in elevation below the canyon rim. Access to the site is by West Rim Drive from

South Rim Village: The upper mine area is surrounded by a 6-foot high cyclone fence on the

west. east, and south sides, and the canyon rim on the north side. Access to the site is through

a locked gate. The lower mine area is accessible only by foot along the base of the Coconino

Sandstone from the Bright Angel Trail.

The upper mine is an approximately 3-acre relatively flat area surrounded by a cyclone

fence and the Canyon rim. The majority of this area is covered with grass, bushes, and

aggregate materials. Several abandoned sheds and concrete/asphalt pads exist throughout the

site. The main adit headframe and ore hopper are located at the north edge of the site.

The lower mine is an approximately l-acre steeply sloping area approximately 1000 feet

in elevation below the canyon rim. A few abandoned sheds and a large mining subsidence hole

(glory hole) connected to underground adits and shafts are visible at the lower mine area.

Additionally, remnants remain of a tramway to the upper mine area.

2.2 Site History

Daniel L. Hogan and Henry Ward filed the claim for copper mining in 1893 at the lower

mine area and patented it in 1906. Copper mining occurred at the lower mine area at various

times between 1906 and 1959. The claim was acquired by Madeline Jacobs in 1946

(Magleby, 1961). As a result of the discovery of uranium at the site in 1951, the mineral rights
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were leased in 1953. The rights were later acquired by a subsidiary of Western Gold and

Uranium Inc., later renamed Western Equities, Inc. (Horn, 1986).

In 1956, Western Gold built an aerial tramway from the lower adit area to the rim to

facilitate removal of uranium ore. From 1956 to 1959, ore production averaged 1,000 tons per

month of 1 percent uraninite (U3Og).

In 1959, a shaft was driven from the top of the tramway to 1600 feet below the canyon

rim to the lower adits to haul ore, men, and materials to and from the lower mine workings

(Horn, 1986). Production in I960 averaged 6400 tons per month of 0.3 percent ^Og (Horn,

1986). Most of the ore was trucked to the Tuba City, Arizona mill for processing. Some ore

was also shipped by railroad to a uranium mill in Grants, New Mexico (Horn, 1986).

In 1961, the permitted mining limit for ore deposits in GCNP was reached. Under

public law of 1962, additional ore could be mined until 1987, at which time the site would

become NPS property (Horn, 1986).

The Cotter Corporation purchased the mine in 1967 and continued mining until April

1969, at which time all mining operations at the site ceased (Horn, 1986). In February 1981,

Republic Mining Enterprises purchased the Orphan Mine (Horn, 1986). In 1987 the GCNP

acquired the site.

2.3 Previous Investigations

Results of several radionuclide surveys in the GCNP files were reviewed by HLA.

Throughout the 1980s, Arizona State University students performed radionuclide surveys of the

Orphan Mine and other areas of the GCNP. These surveys were performed as class exercises,

and the objectives, results, and conclusions were not clearly presented in the reports and did not

contain appropriate quality assurance. Therefore, the results will not be considered as

background information.

In 1981, the U.S. Department of Labor Mine Safety and Health Administration (MSHA)

prepared a report entitled, "Report of Radiation Survey, Orphan Mine, Grand Canyon National
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Park. Arizona." dated November 5 through 7, 1981 (Day, 1981). The survey was performed in

response to requests by the NFS for information regarding radiation and the current status of

underground workings at the site. On November 5, 1981, gamma radiation up to 3.0 millirems

per hour (mR/hr) was measured at the main shaft area of the upper mine workings. In the

middle of the upper mine workings near the guard's home site, 0.05 to 0.10 mR/hr of gamma

radiation was measured. On November 6, 1981, an underground survey was conducted. At

approximately 700 feet below the canyon rim, several measurements were taken. The

ventilation airflow volume was 7800 cubic feet per minute; temperature was 3 degrees

Fahrenheit, with the relative humidity of 82 percent. Detector tubes indicated no carbon

monoxide was present. Bistable air samples indicated 500 parts per million (ppm) carbon

dioxide, 0.0 ppm carbon monoxide, and 20.91 percent oxygen. Radon daughter samples were at

49.8 WL. At 1500 feet below the rim, at the shaft bottom, two radon daughter samples

contained 54.8 and 60.6 WL. Gamma radiation measurements indicated 4 to 5 mR/hr. Based

on the results of the survey, the MSHA recommended that no one enter the mine unless work is

done to lower the radiation levels. Additionally, they recommended that since the guard's home

site area was exposed to gamma measurements of 0.05 to 0.10 mR/hr, which would exceed the

maximum allowable 0.17 rem dose exposure per year, that the guard home site be moved away

from the mine dump areas. The MSHA did not specify the basis for the 0.17 rem exposure

standard. The MSHA did not present a site plan indicating measurement locations, nor did they

tabulate the data.

On March 3, 1986, Landmark Reclamation (Landmark, 1986) performed a radiological

survey utilizing an Eberline PRM-7 Microrem meter. Landmark Reclamations' assessment was

performed to assess the extent and magnitude of radiological contamination in an around the

upper mine area. The assessment was included in a proposal for site reclamation. Their surveys

were performed on a 25-foot grid over the yard area taking measurements with the meter at

waist height. Additionally, they collected soil samples from six locations at various depths

throughout the mine and surrounding area to assess uranium content in the soil to correlate
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between total gamma readings and soil uranium content. The soil sample results were not

presented in the Landmark Reclamation report. Radionuclide survey results ranged from 0.08

to 0.9 mR/h . The highest readings were measured at the southeast corner of the upper mine

area near the concrete ore pad and at the upper mine shaft opening. Plate 3 presents results of

the Landmark Reclamation radionuclide survey. Based on the results of the assessment, and the

high visitor use at this area. Landmark Reclamation recommended that the residual radioactive

material be excavated from the site and disposed down the 1600-foot shaft at the rim and the

remaining material buried at an offsite location. Additionally, they recommended that the shaft

opening, once the material was placed inside, be sealed to prevent radon gas from emanating to

the surface. They fur ther recommended that the tramway structure and lower mine bunk house

area and residual mining equipment be removed. Their final recommendations included

recontouring the site and planting native vegetation.

In June 1986, the U.S. Department of Interior Bureau of Land Management (BLM)

completed a reclamation report for the Orphan Mine. The results of the BLM radiological

survey at the upper and lower mine area using an Eberline PRM-7 Microrem meter at waist

height had eight readings ranging from 0.11 to 3.2 mR/hr. The highest reading of 3.2 mR/hr

was in an adit at the lower mine workings. The BLM report did not contain a legible site plan

indicating reading locations. The BLM recommended that the material with highest radiation

readings in and around the fenced upper mine area be deposited into the mine shaft. After the

material is placed in the shaft, they recommended that the shaft be sealed with 4-foot concrete

cap, and then covered with 2 feet of top soil. At the lower mine workings, the BLM

recommended that a heavy-duty chain-link fence be constructed around the mining subsidence

hole to prevent wildlife and hikers from falling in. The BLM recommended that all adits; and

raises be sealed by exploding dynamite to prevent entry into the underground mine workings

and to prevent build-up of naturally occurring spring water in the mine adits. The BLM

concluded that reclamation of the Orphan Mine site should be implemented by the NFS to

minimize residual hazards to park visitors from the past mining operation. However, they stated
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that reclamation of the site need not be the highest priority because of the short radiological

exposure time experienced by park visitors.

2.4 Gyoloev

The site is on the Coconino Plateau of the Colorado Plateau geomorphic province. The

upper mine working area is on recent soils of the Kaibab Formation Limestone. The shaft from

the upper mine area encounters Paleozoic age Kaibab Limestone, the Toroweap Formation,

Coconino Sandstone, Hermit Shale, and the Supai Formation (sandstone and shale) (Gornitz

et a!.. 1970). The ore body is located in a breccia pipe filled with rock fragments from the

Coconino Sandstone and angular siltstone, shale, and limestone breccia from the Supai and

Hermit Formations. These rocks collapsed into a solution cavity formed in the Redwall

Limestone. The primary ore was uraninite, pyrite, chalcocite, tennantite, chalcopyrite, and

galena (Gointz et ah, 1970).

2.5 Surface And Subsurface Hydrology

The nearest permanent surface water feature to the Orphan Mine is the Colorado River,

which forms the base of the Grand Canyon approximately 2 overland miles and 4600 vertical

feet below the upper mine area. The Colorado River flows westward through GCNP and Lake

Mead National Recreation Area before turning southwestward and eventually emptying into the

Gulf of California.

Based on a review of the U.S. Geological Survey topographic map (1962) and

observations made during the site visits, surface water runoff from the upper mine area flows

southeast off of the site and away from the canyon. Runoff water from the upper mine area

would probably be lost to evaporation and ground infiltration. Seepage and runoff from the

lower mine area flows toward Horn Creek, an intermittent tributary to the Colorado River

(Plate 4).

Groundwater in the Coconino Plateau originates in the San Francisco Peaks/Williams

areas, the Aubrey Cliffs area, and the highlands surrounding South Rim Village. Water from

precipitation in the highlands near South Rim Village percolates through a series of permeable
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and semi-permeable strata creating a number of perched water zones. Most of these zones yield

little water for development. However, at elevations approximately 1000 feet below the surface

of the rim, the Coconino Sandstone, where underlain by the Hermit Shale, may provide a low

yield of water to wells. The saturated thickness of the perched aquifer depends on the relative

permeability of Hermit Shale, amount of precipitation, and any local geologic structural

influences. Groundwater perched on the Hermit moves radially until finally percolating through

the Hermit and the Redwall Limestone into the Muav Limestone (Johnson, no date).

2.6 Meteorology

The following climatological data for the South Rim of GCNP was summarized from the

Final Environmental Impact Statement, GCNP (NFS, no date). Mean annual precipitation is

approximately 16 inches. Almost equal amounts of precipitation are received in the winter and

summer seasons; spring and fall are relatively dry. Precipitation events in the summer occur

when afternoon thunderstorms form as a result of solar heating of the canyon walls. In the

winter season, middle latitude storms carrying Pacific moisture propagate eastward depositing '

snow on the South Rim. Generally, the winter storms are light to moderate in intensity;

however, occasionally severe winter storms will pass through the area.

The mean maximum temperature ranges from 41 degrees Fahrenheit (°F) in January to

84°F in July. The mean annual temperature is 49°F. Mean minimum temperatures range from

18°F in January to S4°F in July. Generally, temperatures increase with decreasing elevation in

the canyon.

As a rule, the wind flows up and down the canyon from north-northeast to the south

and south-southwest direction which reverses diurnally. Wind speeds are typically low and

range from 2 to 4 meters per second. Night-time inversions are common in the canyon..'
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3.0 WASTE CHARACTERISTICS

The initial step in evaluating waste characteristics for the PA is to identify sources at the

site. EPA guidance (199lb) defines a source as an area where a hazardous substance may have

been deposited, stored, disposed, or placed. Soil that may have become contaminated as a result

of hazardous substance migration is also considered a source. This section discusses the

information gathered during the site visits, and the rationale for source identification and

evaluation. Also discussed in this section are applicable UST, mine remediation, and radiation

exposure regulations. Plate 3 illustrates the site plan. Appendix A presents the PA information

form, Appendix B presents the PA Scoresheets, and Appendix C presents site photographs.

3.1 Site Visit

On September 1 and November 4 and 5, 1992, HLA personnel visited the Orphan Mine

to assess current site conditions. Prior to arriving at the site, HLA personnel interviewed a

former mine employee who provided information on past operations. The former mine

employee stated that waste rock and lesser amounts of ore would accumulate around the

perimeter of the site as the mine trucks exited the site hauling the ore to the offsite mills

(GCNP, 1992).

The site slopes gently down to the southeast. The majority of the site was covered with

grasses and shrubs. Red cinder was used as a road base for truck traction and also covered

much of the site. The concrete ore pad was observed at the southeast corner of the upper mine

area. Several concrete foundations from former site buildings were observed in the center of

the site. A shed containing an old compressor was observed at the northeast corner of the site

adjacent to the canyon rim. A concrete pad and asphalt pad at the west edge of the site was

also observed. The former mine employee stated that these pads were used as foundations for a

mechanic shop and a parking area.
r-1

\One underground storage tank (UST) was observed in the middle of the site. The UST /

' ^b

was approximately 5-foot-wide by 13-foot-long and contained approximately 5 inches of liquid.

The former mine employee stated that the UST was used to store diesel fuel. He stated that a
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second UST was used adjacent to a concrete pad just north of the center of the site (GCNP,

1992). HLA was unable to assess if the UST still exists.

During the site visit, a reconnaissance radionuclide survey was performed at the upper

mine area to assess distribution of radioactive ore and waste rock. Radiation was randomly

measured throughout the fenced area and west of the fenced area. Background beta, plus

gamma radiation outside the fenced area at the southwest corner ranged from 0.01 to

0.04 mR/hr. Beta plus gamma radiation above this background level averaging 5 to 10 mR/hr

was observed primarily around the perimeter of the fenced area. Small accumulations of rock

overburden and possible ore were observed around the inside perimeter of the fenced area,

where the former employee had indicated that trucks had driven. Approximately 60 feet west

of the mine outside the fenced area, radiation was detected above the background level at a

200-square-foot area that appeared to be where ore trucks had parked. The radiation readings

were also taken above individual rocks at the ground surface. The readings rapidly decreased to

background conditions within a few inches from the rocks.

From Maricopa Point east of the upper mine area, HLA observed the lower mine area.

A large "glory hole" was observed near the base of the aerial tramway that was formerly used

during the mining operation. ̂ Seepage water reportedly emanates from a small diameter pipe at

the lower mine area (Horn, I986M

3.2 Source Evaluation

Potential sources of contamination at the Orphan Mine were evaluated according to PA

scoring guidance (EPA, 199Ib), presented in Appendix B. Site sources were delineated as

follows: (1) contaminated soil; (2) the underground storage tank (UST) observed during the site

visit; and (3) the UST allegedly present that was not observed at the time of the site visit.

Areas of soil potentially contaminated by radionuclides and metals were conservatively

estimated to include (I) the entire three-acre fenced portion of the upper mine area; (2) one

additional acre where contaminated soil may be present outside of the fence at the upper mine
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area; and (3) two acres at the lower mine area where ore and waste rock may have been

deposited on the slope. The source of radionuclides at the site is uraninite in the mined ore and

waste rock. The ore contained 0.3 percent to 1.0 percent uraninite (Horn, 1986). The waste

rock would probably contain lower concentrations of uraninite than the ore, Uraninite (U308)

is water soluble in an oxidizing environment.

The UST that was observed during the site visit and the second UST that is allegedly

present were also identified as sources. The observed UST was reportedly used to store diesel

fuel; contents of the second UST are not known. Tank capacity for each UST was estimated as

5000 gallons.

3.3 Regulatory Framework

The regulatory framework for the site USTs, mine site remediation, and worker and

public exposure to radiation are as follows.

Underground Storage Tanks

The State of Arizona through the Arizona Department of Environmental Quality (ADEQ)

has regulatory authority for the registration and closure of USTs in accordance with Federal

Regulation 40 CFR 280 and Arizona Revised Statute 49, Chapter 6. The regulatory proceedings

developed by ADEQ require that USTs be registered prior to removal. The ADEQ requires

visual inspection and soil sampling and analysis to determine if the USTs have leaked. Affected

soils above the suggested soil cleanup levels will need to be removed and properly disposed or

remediated.

Mine Site Remediation

There are no established standards for remediation of uranium mine sites. The U.S.

Environmental Protection Agency (EPA) established "Standards for Cleanup of Land and

Buildings Contaminated with Residual Radioactive Materials from Inactive Uranium Processing

Sites" (40 CFR 192 Subpart B). These standards may be appropriate for the Orphan Mine site.

The standards for remedial actions at inactive uranium processing sites state:
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The concentration of radium-226 in land averaged over any area of 100 square meters

shall not exceed the background level by more than:

• Five pCi/g [picocuries per gram} averaged over the first 15 cm [centimeters] of
soil below the surface, and

• 15 pCi/g averaged over a 15 cm thick layer of soil more than 15 cm below the
surface.

Although these standards are not directly applicable to the Orphan Mine site, they may

serve as target remediation goals for any subsequent soil excavation at the site.

Radiation Exposure

No limits have been established for human exposure to radiation from inactive uranium

mine sites. To establish exposure criteria for the Orphan Mine site, standards developed for

other locations were considered. For on-site worker exposure (personnel involved in

investigation or remediation), the most appropriate standards are established by the Occupational

Health and Safety Administration (OSHA) for personnel exposure in restricted radiation areas.

This standard limits total personnel exposure to 1.25 rems per calendar quarter (29 CFR

1910.96).

For NFS personnel and Park visitors, the most appropriate radiation exposure standards

are those developed by the Nuclear Regulatory Commission (NRC) for licensed facilities. The

"Radiation Dose Limits for Individual Members of the Public" developed by NRC state the

following (10 CFR 20 Subpart D):

Each licensee shall conduct operations so that-

• The total effective dose equivalent to individual members of the public from the
licensed operation does not exceed O.I rem in one year.

• The dose in any unrestricted area from external sources does not exceed 0.002
rem in any one hour.
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4.0 PRELIMINARY PATHWAY ANALYSIS

The emphasis of the PA is to evaluate human and environmental targets that may be

threatened as a result of chemicals migrating from a site via groundwater. surface water, and

air. Emphasis is also placed on evaluating targets that may come into direct contact with site-

related chemicals in soil. The preliminary pathway analysis for this report was guided by the

PA scoring process (EPA, I991b). A PA score generated for the Orphan Mine is presented on

the PA Scoresheets in Appendix B.

This section provides a discussion of the potential for chemical migration from the

Orphan Mine site and the target receptors associated with each pathway. Although the

discussion that follows in this section is largely qualitative, scoring criteria are included where

applicable.

4.1 Groundwater Pathway

The potential for drinking water contamination from site-related chemicals migrating in

groundwater is considered minimal to none. As discussed in Section 2.5, groundwater is present

locally only in perched aquifers approximately 1000 feet below the rim surface.

Target populations considered under the groundwater pathway are humans supplied with

drinking water from wells within 4 miles of the site. Drinking-water supplies for all park

facilities within a four-mile radius of the site are transferred by pipeline from the Roaring

Springs on the North Rim. A search conducted by the Arizona Department of Water Resources

(1993) indicated no active wells are present within a 4-mile radius of the site, therefore, the

groundwater pathway was not scored.

4.2 Surface Water Pathway

The potential for chemical migration from site sources to intermittent or perennial

surface water bodies is considered low. Runoff from the upper mine area is away from the

canyon, and is presumably lost to evaporation and ground infiltration. Runoff from the lower

mine area, where spring water has been reported by the BLM to discharge from adits, is toward

Horn Creek, an intermittent tributary to the Colorado River. The headwaters of Horn Creek
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are approximately 1/2 mile downslope from the lower mine area (USGS, 1962). According to

EPA Guidance (EPA, I991b), the location of the headwaters of Horn Creek is considered the

probable point of entry (PPE) of chemicals into surface water (Plate 4). However,

concentrations of any chemicals potentially discharged from the lower mine area to the

headwaters of Horn Creek would probably be negligible because 1) the percentage of uraninite

in the Orphan Mine ore body is low (0.3 to 1.0 percent), 2) the spring water from the lower

mine area would probably be diluted by collective runoff leading to the headwaters of Horn

Creek, and 3) the distance between the spring water discharge from the lower mine area and the

headwaters of Horn Creek is relatively far (0.5 miles). The flow rate of Horn Creek for most

of its length is estimated as less than 10 cubic feet per second (cfs) because it is intermittent.

However, the flow rate of Horn Creek may increase significantly where it empties into the

Colorado River. The flow rate of the Colorado River is quite variable throughout GCNP,

ranging between 7000 to 20,000 cfs (Arizona Department of Fish and Game, 1993).

The target distance limit for the surface water pathway is measured as 15 stream miles

from the PPE (Plate 4). Targets include humans that might ingest drinking water or fish from

downstream surface water bodies, and sensitive environments that occur along the 15 mile target

distance l imit . The segment of the Colorado River that flows through GCNP has no drinking

water intakes, however it is a recreational fishery inhabited by rainbow trout, brown trout,

sunchannel catfish, and striped bass (Arizona Department of Fish and Game, 1993). As

reflected by the PA score, site-related chemicals that might reach the Colorado River would be

rapidly diluted minimizing the potential for uptake by human food chain organisms.

Sensitive environments considered for the surface water pathway are indicated in PA

Table 5 (Appendix B). A national park is considered a sensitive environment receiving the

—-1highest available assigned value for that scoring category. In addition, the federal and state

^endangered humpback chub and razorback sucker inhabit the segment of the Colorado River\

that flows through GCNP.
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Negligible threat to downstream receptors is indicated by the overall surface water

pathway score. The score is low because the chemical migration path from the site to Horn

Creek is relatively far (1/2 mile), and because the dilution effects of the Colorado River are

considered significant.

4.3 Soil Exposure Pathway

Targets considered under the soil exposure pathway are workers, residents, and people

attending schools and daycare centers within I mile of the site, and terrestrial sensitive environ-

ments located on any area of suspected contamination.

GCNP is considered a terrestrial sensitive environment under the soil-exposure pathway,

contributing to the target score. However, the overall potential threat associated with the soil

exposure pathway as a result of chemicals from the Orphan Mine is considered low because

there are no residents, schools, or regularly-present workers within one mile of the site.

4.4 Air Pnthwav

Radionuclides and other metals that may be present in surface soil on and near the site

could migrate from the site via air. The radionuclide reconnaissance survey conducted during

the site visit indicated beta plus gamma radiation above background levels is present at ground

surface over portions of the upper mine area. A suspected release to air was conservatively

assigned in the PA score.

Target receptors considered for the air pathway include resident, student, and worker

populations within 4 miles of the site, and sensitive environments within 1/2 mile of the she.

There are no resident, students, or workers that are regularly present within one mile of the

site. Between I and 2 miles there are approximately 2000 residents and 300 students at South

Rim Village. A daycare center with the capacity for 100 children is currently under

construction at South Rim Village as well. Between 2 and 3 miles from the site an additional

resident population of 200 was estimated (Plate 4). No other residents, students or workers were

identified (NFS, 1993).
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The fact that the site is within a national park accounted for the only significant

contribution to the air target score. The overall score for the air pathway, however, is relatively

low because regularly present human populations are beyond the distance that large quantities of

chemicals would be expected to migrate in air.
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5.0 CONCLUSIONS

The Orphan Mine is an inactive uranium mine located on the South Rim of the Grand

Canyon. Types of chemicals known or suspected to be present include radionuclides and metals

associated with scattered ore and waste rock. Diesel fuel was once stored onsite in at least one

UST. Contents of an alleged second UST are not known.

Little threat to human or environmental target receptors is indicated as a result of

evaluating the groundwater, surface water, soil exposure, and air pathways using PA scoring

procedures. The most heavily weighted scoring factor was assigned on the basis of the presence

of the site within a national park.

The overall site score using the standard PA score sheets was calculated as 13.47

(Appendix B). According to EPA guidance (EPA, 199Ib), sites that score 28.50 or greater

receive a further action recommendation, while sites that score less than 28.50 achieve the status

"Site Evaluation Accomplished". The site score for the Orphan Mine indicates the site would

not proceed further in the CERCLA site assessment process.

HLA concurs with the MSHA recommendations that no one should enter the mine

tunnels unless the radiation levels are lowered. If the GCNP wishes to open the upper site area

for public access. HLA concurs with the BLM recommendation for site reclamation. If the site

is opened, reclamation should at least include mitigating physical site hazards. Based on the

results of the PA. HLA is unable to assess if visitors and park employees direct contact with the

site waste would cause adverse health effects. If the site is opened, either a baseline risk

assessment should be performed to assess health effects resulting from direct exposure or the

site should be reclaimed to background conditions. For either scenario,, the extent of mine

waste at the upper and lower mine areas and the magnitude of radiation should be assessed.

HLA presents a site investigation work plan and cost estimate details for completing the

investigation in Appendix D. The investigation and UST closure would cost approximately

$43,098. A baseline risk assessment would cost approximately $24,922, as detailed in Table
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D-2 in Appendix D. Since the site is not ful ly characterized, HLA is unable to present cost

projections for site reclamation.

HLA recommends that the UST identified at the site be closed in accordance with

ADEQ regulations discussed in Section 3.3. Approximate closure costs would be $10,500 as

detailed in Table D-l in Appendix D.
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GENERAL INFORMATION
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GENERAL INFORMATION (continued)
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GROUND WATER PATHWAY
GROUND WATER USE DESCRIPTION

Descnoe Ground Water Use Within 4-miies of the Site:
(Descnoe stratigrapnv. information on aquifers, municipal ana/or private wells)

Calculations for Drinking Water Populations Served fay Ground Water:
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GROUND WATER PATHWAV CRITERIA LIST
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GROUND WATER PATHWAY SCORESHEET
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NO SUSPECTED •"«=*"• H vou oo not twoect a reicasc to tround water, ane
?f«t site * m carat terrain er tne ototn to aauner w 70 <ett or i««». aftSMjn a teen
oi SCO: otnerwts*. asnon a score ot 3*0. Use OMV eoiumn • tar tno oatnwav.

TftRGETS

: BOIMAHY TARGET COPULATION: Ociemwie tne M«nMr ot
:nnwng water «»«us tnat you susaect nave oecn emooteo to • nuaraous
Euosance tiom tne site tsee Creuno water Pttnw»» Cntena un. Baot 71.

* SEZC.'.OARV TARGET POPULATION: Determine tne numoer o* oeoote servM ov
anrwmg wiicr wmu tnat vou oo NOT tuioect nave oeen noosed te a naxaraous
suosance from tno site, ane asoQn tne total goowanon score mm PA TMM I.

A/C any WCHS eart ot a Oieneeo system) ves «_„. "° -_~.
u ves. anacn a oaoe to snow aeoeraenment eatcwanans.

E. NEAREST WBJ_ it vou nave aemrtwo a onmarv target ooouunon tor oreuna
water, ission a score ot SO: otnerwise. MSion me Nearest We* score tram
PA T»o»e 2. if no emuno. water weus e»« w«»n * moes. assign a scon e< ten.

i. '/VELiMEAO PBOTECTION AREA iWHPAi: it any source «es w»tnm or aoovc a vVHPA.
ar it «ou n»v* toemrtiea any onmarv target we« witiw. a WMPA. assign a scant ot 2C;
asugr. 5 it nettner concnion nous out * WHPA «s Br
assign xero.

• P.S50URCES

ent w»tnm * mties: etne»wise

T •

WASTE CHARACTEffiSTIC

8. A. H vou nave •oentrtiea anv tnmanr nnjet tor prouno water, assign me wane
WJractertitics scare cstcuateo on oage A. or« scan of 32. wncn«»er a
GREATER; oo not evmuata cart e ot tnts tacnr.

B. if vou«a»«»lOTidentilieaanyf«rnaryttrgKtorerewMwat«.as»^nir«

waste cnaracremncx scan caioiateo on oage 4.

WC •

GROUND WATER PATHWAY SCORE: LR « T WC

8Z£00

>•! 1001

A//

A-15



PA TABLE 2: VALUES FUR SECONDARY GROUND WAI EH TARGET POPULATIONS

PA Inbla 2a: Noo Kaisl Aipiifeis

•

liltl.nco
from SHt

(1 la K iixU

> K l« H nutf

> H lo 1 nut*

> 1 lo 2 n«U«

> 2 lo 3 nul«i

» 3 to 4 iml«t

ftipt/foffo/t

.

.____

Neaiesl Weft -

Ntttttt
WtV

tctitwtt
Ughttn

20

IB

9

5

3

2

/VfNiferftm S0tv0if by tVoffi WfMi Dhttnct Ctltwt
t
if
It

1

1

1

t

1

1

it
if
10

2

1

1

1

1

1

Jf

if

100

6

3

2

1

1

1

»0f

i*

J00

16

10

6

1

2

1

j0r
it

1000

51

31

17

9

7

4

f.00f

If

3 tot

161

101

61

19

11

11

3.991

If

10.000

621

121

16?

94

88

42

f0.«f

n

JO. 000

1.631

1.012

622

294

212

131

- — -

M.Wf

If

100.000

S.214

3.233

1.668

939

678

417

Orftltt

1*1*

100.000

10.325

10.121

6.224

2.938

2.122

1.306

Scoie -

Population
Vttu*.

.

"

PA Tabfa 2b: Kent A<pril«fs

Ohl»nc»
tiom Silt

0 lo Y, nut*

> K l« H mito

> H ra l i"H«

> 1 10 1 «•(••

> 1 la 3 nut**

> 3 In 4 nirt«»

fppvtttfoit

_^_«_

Neoteat W«fl -

Httfttt
Wttt

(uit30
for »tr$»

20

20

20

20

20

20

fopiWoH Stnrtd by Wtfa WHfiht DHltnct C*Hgof\
t

i»

10

1

1

1

1

1

1

if
if
it

1

1

l

l

1

1

n
tf
100

6

3

3

3

3

1

Ml
t9

ttt

18

10

•

•

8 .

a

Mt

M

1.000

62

12

26

26

28

26

I.Wf

H

J.000

163

101

82

82

82

82

*«l

to

10.090

621

123

281

261

261

261

fftffll

it

J0.000

1.833

1.011

818

816

816

818

Y

M.00I

If

100.000

6.114

3.231

2.607

2.607

3.607

2.607

flwdw

•AM

109.000

16.325

10.121

6.16)

8.162

8.162

8.162

Scote -

Population
Vahtt

^

- -

.



SURFACE WATER PATHWAY
MIGRATION ROUTE SKETCH

: Suiace Water Migration Route Sketcn:
(induce runoff route, prooabte oomt of entry, 15-mile target distance limit, intakes, fisheries,

: ana sensitive environments)

A.I 9



SURFACe WATfeR PATHWAY CRITERIA UST

SUSPECTED RELEASE PRIMARY TAKGeTS

= *=

Z is sunaca water neerov?

Z is waste ouanntv parucuisny targe?

Z >s tna srainage area large?

Z Is the infiltration rat* lew?

Z Z Z Ar* sources Doony containaa er Bran* to
runott or flooding?

Z Is a mnoH rout* w*u defined (e.g.. ditcft er
i teaoing to sunaca <

¥

*

*

_ is vegetation stressed along me orooaota rurv
etf route?

Z Are seoiments er water unnaturally eiscoioreo?

Z is wHAiite unnaturally aoaent?

Z Has eeoosmen of wast* into surface water
oaen eoserved?

Z is grouna wetar oiscnarg* to surface water
bkeiy?

Z Does analytical er circumstantial evioence
suggest sunac* water contamination'

Other entcna?

SUSPECTtD RELEASE?

N
e

U
n
k

a Z 1« any target naaroyf If v

Z Drinking watar intake
Z fiaherv

Z Sanctowe environment

— HM *nv im*tt-- 'i*n*rv. er recreeoonai erea
been cieaed?

— °°** •"•'vtieal or cneunwtamiat evtocnc*
strggeat surface water eamamination at or
aown*traam et a target?

Z - °°** w'mnt •amoling? If yea:

Z Drinking water mta**
Z Raharv
Z Sensitive •mnronmant

Other cntena?

PRIMARY INTAKEISI JOEKTIHED?

•RtMARY RSHERYHE5IIOENTU-UO?

•RIMARY CENSmVC ENVtRONMENTISI
(OENTIFIEDT

Summanz* tn* rationale tor Susoectea Reieese tansen an
aoomenai cage it neeenaryi:

Summarize the rationale tor Primary Targets tanaen an
aodiaonai page it naceasatvt:

//•

W
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<£fi'nLf*t

fte
IS «>•'•/£&

SURFACE WATER PATHWAY
JKEUHOOO OF RELEASE AND DRINKING WATER THREAT SCORESHEET

Da vou susoeet • release isee Sunict water Patnwav Criteria ust. sage >1 1 7

finance to surtace water
Si9OO treouenor
'••/TUT is tne aownstream eirtance to tne nearest enraang water mncc/
N««r«rt Ttinetv ? w tines NMttst tensnwt tnmronmemf

'-IKEUHOOD OF RELEASE

SUSPECTED RELEASE: n you CUCMCT • rtius* to IUTMCC wswr ISM MOC n).
iiicgn • score at. 850. 'Use or»v eeturrm A tor TTMS uttwrav.

: NO SUSPECTED RELEASE: If vou oo not susocci • r«ms* n surface
water use me taow t«UNw to assign • score oaseo en oistance to sunact
water ane tiooo tnrauenev. Use erav eon*rm • lor tna Mtnwav.

Yes

"7t

Distance te «urtaee oaret s Z.iOO t>ei i 1
• Distance te surtaee «»atef > 2.500 tee*, ane I

Site m annual er 10-¥tar ttooaoam
Site m »0&o«irt(oocoain
Srte m 800-v«»r neoooiam JOO

outsiot 6QO^>«af itoeeentn too I

3RINKING WATER THREAT TARGETS

2. Hecora tne water BOOT tvee. flow iri aooncaoie). ana nunoer o< DeaMe tervefl
:v eaen onrwmg water mtsia wmwi tne target Bistanct Mmt. if tnere « no
srinwng water mtaKt wtmm me target gtsanct «mn. taners 4.6. ana •
tacn icsenre zero scores.

.ets
ets

TARGET COPULATION: it »ou susoeet anv among water ntaui *stea
taovc nas oeen ezoosee te a nazareous suostance from me site uae iuriacc Water
ssmw»» Cntena ust. cage ni. kit tne mtau namcisi ano eaicuate tne factor
sssre aaseo en me total eoovnation eervea.

i tO

SECONDARY TARGET POPULATION: Determine me nurneer et veoaw eenrefl ev
onrwviQ water witaics mat vou ee NOT susoeet nave P«en exoescd to a naaroous
suestance trem me sne. ana assign me total poouanen score tram M Table 3.

r
*re anv winus pan et • ownae
'••• vet. attacn a eage to snow at

rtemJ Yes. No

6 NEAREST INTAKE: If you nave Meiuiii«u a enmarv target poouanon tor me
armung water mreat ttacter *i. assign a score et SO: etnetwtse. assign me
Nearest mta«e scare from PA Tiaie 3. It no ormung water mtau exists wim
:ne target Distance Nrmt. assign a score ot xero.

" "ESOURCES

T •
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PA TABLE 3: VALUES FOR SECONDARY SURFACE WATER TARGET POPULATIONS M}
Siitffc* Wflor
Body flaw
f%99 PA Tablo 41

< to cii

lOlo lOOeU

> 100 |o 1.000 el*

;> I.OOOlo IO.OOO cl*

> IO.OOO cl« 01

) mil* Mitring Ion*

Popnteffon

—

Nearest Intake -

M'

Afrtofff

20

2

1

0

O

10

f
f*

M

1

1

0

0

0

1

it

199

S

1

O

0

0

,

Poptdttlon Sttvfd t>Y inliktt \Vlittln flow Ctttootv
1*1

KO

16

2

1

0

0

.

tot

I.Wfl

62

6

1

0

0

26

t.tet
to

16)

16

2

1

O

aj

1*01

t"«»

621

62

6

1

0

261

t9.99l

JOJM

1.6))

16)

ia

2

1

• 16

Jf.Mf

1*909

B.2I4

621

62

6

1

2.60?

t99.90l

M4909

I6.)26

l.dJI

16)

16

2

6.162

399.991

1.999.900

62.1)6

6.2H

621

62

6

26.068

0»«w

i.eoo.ott

|6).246

ia.)2S

1.6))

16)

16

81.66)

Score -

PafMtlmtlon
V»h,0

PA TABLE 4: SURFACE WATER TYPE / FLOW CHARACTERISTICS
WITH DILUTION WEIGHTS FOR SECONDARY SURFACE WATER SENSITIVE ENVIRONMENTS

fyp« of 5tfffc»
W« tr Bmfy frpt Of fbtr

|MB« tli««fi lo rivci

3 mlto mMnfl MHM •!
0f tlWW •)

< I0el«
tfltolOOctt

> 1001* 1.000 ch
> 1. 000 1« 10.000 eli

> IO.OOO of*

1O •!• 01 gt**l*(

II/A

Wilgftt

1
O.I
WA
19/A
N/A

MA

N/A



SURFACE WATER PATHWAY Icorranuwl)
HUMAN FOOD CHAIN THREAT SCORESHEET

LIKELIHOOD OF RELEASE

-Snter Suruee water uuunoea et Release ceerc tram noe 12. UR •

*7~ «••••
too

-Jf_-

HUMAN POOD CHAIN THREAT TARGETS

E. Recoro tnt water BOOY type ane flow M tpoacioiBi tor
tne nr«et asnnec wmt. n men « no Hsiwv wm
atsanee «mn. unon • Tvoea seen V 0 Kftie Bottom •< We HO*.

! 9. PRIMARY nsHBUES: It voususacctaflvtaneryMTMUevenasl
: to • rttzaraous suasanct tram tne en* <sae-Swt»c* water Cntena km. tage 111.

***«n a scare 01 300 ana eo not evawete factor 10. Ust tne pnmarv tanenes:

':. SHCSNOAKY FISHERIES

A. it you susoeet a nmaae to swtace water ana ttavc totnttmt a seeonoarv «tsnery
out no anmanr tisnerv. tsuon a score et 210.

tary fisheries ceore tram me tUMB. if vou eo not susoeet a release, asnon a Seconoary fit
oetow usmg tne lowest flow at any tisnery witmn tne <

< lOetj > 210
10 to 100 etj . i 30
> too cts. caastai
tioat waters, oceans,
or Great Utti

12
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SURFACE WATER PATHWAY (commuad)

JKEUHOOD OF RELEASE

5NV1RONMEHTAL THREAT TARGETS

• ' Reeera me water ooov wee ana tiaw HI a

& B

. mj..! aaoe 12. LR •

90000MI tor tacn sumee water
ttanea •nut (sea PA Tables «

/OO

î aiHBjeiBjB^BjiasviMBajBev

HfluBBUimUî ĝH
'imn. assion a Targets score ot 0 at tne Bottom of tne oao*. BUlMB&ft̂ MH&iiu

mw a««T ri •• AMP I

! •VK^ifriti •*"" t— ~ 'iikr^jJo i&'itf i-* "T/t* T'7f**»» 3 e eao ets
• ets

i i

•:. PWMAKY SENSTTTVE ENVmONMBfTS: «
mern nstefl aaeve Mas Been ezooseo to a i
Suniet water Criteria un. oag* ID. assi

ets
ets

on a score of 300 ane oo nor tvemote

• 2. SECONDARY SEKSmVE ENVWONMEND

' 00 ets or less. *mgn scores as tona
: rnis factor;

i jl

t. If tensiuvt vwioriiienu are

on swtaee water •ooies witn flows of
•f*. «ro 00 not evaluate Ban B of

a"'̂ 'r!LlTtr«'** Ir-^
^ /O T?sti f *{ AloJv'frtf * f*^k- tO& •Ope

~sr »» -i
-ss ri .<
irsii tl -1 '

r?w : »( *•

. witn tiowt > iQO ets* tmon • SCOT* of 10.

Hffl̂ HBHPSjffl̂ fri
ilf*l"iifflflft(ffWllll'H*iiTf'ft^rfflB

BffiSBBElMS^BSB
B̂ l̂EMÎ B̂ B̂ B̂ Bî B̂̂ B̂ B̂ B̂ B̂NHBBBBlB̂ BĤ Rt̂ B̂ î ^̂ ^̂ l9Dî BinBX̂ B̂̂ î ^̂ B̂l
ĤB9̂ D̂ WRnuHHB̂ Hl9DP̂ H

HHBEEĤ ^̂ B̂ f̂flHHHĤ ^QBHH
BJBiilKBiBâ âB â̂ ŝBsBiŝ aBl

BsVs9HMVBHBHSES!SSS?̂ ?v

^^^^^v^SSSffl9
HBE5IBxv̂ E..9

BĴ ÊnHi

/^^?

. —
T. /Of)
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TABLE S: SURFACE WATER AND AIR PATHWAY SENSITIVE ENVIRONMENTS VALUES

Strrsmvt cnvtranmtnt
• Cnucu MOW tor pooorwiv oowonatoa anaanQoroa or tnroownoa 10000* 100

i National »ara
Qawenatoa Foaoroi WMarnon Ana

I Ecaiagwauv •noonam (root oonvfioo wear m* Coaatoi 2ono W*d*mo*t Act
; Sanarav* Aroao Morraftao urnar n» Maoonoi t»tuarv r̂oorom or Moor CAMUI Wonr •rngiain •« tit* Ooon wator ACT
iCnnc* A>M« ioonaftoa unaor «M Qaon i«ua *r»OT*m ot m* doon Wator Act louBorooo «t» touo or o«mm imoiii
i Nononai Monumont tojr ootnwov onw>

m A»eroonon Aroa
' N»tier»«i uQMn

Known to M HMO Ov **Mf«nv •••gnaico >r

i known to M u*«d
I HMfWt Known to M «M«d ttv •

••••onouo onMUQono or SO
' o» 10 us ftaunt onaonptma or 1

•«o»f«itv ««»Bn«toB or Wild
SMt« wno a«»grwtoa tar wwnit* or MU
Sura o«*onoioa &eonje or WHd
Sou ooHOjwtod ttmOMtt ATM

f^onooiK oraoil in
amtianmtmo mtmmm tef

Wonanat

cm ml •ouooe •** unaor tn* CU*n wotor Act

»» to

Of

» Ui

PA TABLE €: SURFACE WATER PATHWAY
WETLANDS FRONTAGE VALUES

TetmtLuaOTtl *1 WftUtte*
C.I

0.1 to 1 mM
CfMior ttion 1 to 2

tnanJtel
Gfoctartnonl to *

mon«to«
Grootor man« to tjn
Groanrtrian 12 to IB
CfMtortnan 16 to 20

•onr man 20 into*

0
23
SO
71
100
ISO
ISO
ISO
4GO
500
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SURFACE WATER PATHWAY (concluded)
WASTE CHARACTERISTICS. THREAT. AMD PATHWAY SCORE SUMMARY

WASTE CHARACTERISTICS

A. IT vou nave loenntiea anv primary target tor sunaee water (oases 12. 14.
or 151. assign tne waste cnaractensncs score catcuateo on page *. or a scare
OT 32. wracnever is GREATER: BO not evaluate can 8 of THIS factor.

H. H vou nave NOT identified any pnmarv target tor surface water, assign tne
wane enaractensties score caicuatea on cage *.

WC -

SURF&CE WATER PATHWAY THREAT SCORES

Threat

Drinking Water

!
| Human Food Chain
i
i
1 Environmental
i

MWHBM* 131

~

/CO

too

'•MW 12. 1i. IS)

/JL

/oo

rtflBHHWfJr* MUaVW

//

^

Tkmfttfum

UttTrWC

/tt.fOO

*•• •"•' ' " " *•

O.JG

JJ%

SURFACE WATER PATHWAY SCORE
(Drinking Water Threat f Human Food Chain Threat •»• Environmental Threat)
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SOIL EXPOSURE PATHWAY CRITERIA UST

SUSPECTED CONTAMINATION KSS1DENT FOPULA WON

Surfietai contamination can ganarauv b* assumed.

Y N
t o
t

U
n
k
« Is any rasManc*. •enoot. or eaveara taetbtv an

or witran 200 fa*t at an ar** af susoaetad
eomammaoen?

~ is any rasieane*. senopi. or davcar* taewtv
located an aaiacant land *r*viousiv own*o er
laaaad BV tlw sn* awn*rioD*rator?

3 Is trtara a rwpranon rout* that mtont soraad-
ftazaroeus «uMtane*s «t*ar ranaanea*.
seneoia. ar daycar* taoboas?

C Haw* onana ar adiaeam raaricnu er atuoants
r*port*d adwvraa naaitn *ft*ets. axenisiw* af
aooarant anraung watar er air comamnaoon

H Do** any itaienoonno prooartv warrant

Othar cntana?

C - WESaSENT "OPUUmOK IDENTina)?

Surnmanx* tri* rational* tor R*sid*m PeoiHaoon lafncfl an aoditionai MO* •* iMeaacaryt:

A/o

ri

r
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SOU. EXPOSURE PATHWAY SCORESHEET

C-o »nv oeooie «vt on or witnm £00 it ot areas 01 susoeeteo contamination? ¥«* __ MO ^£_,
: So inv oeoote aneno scnoot or oavcare en or witnm 200 tt ot areas _ /

~' susoecteo contsnwiationl
is tne taemtv aenvc? v« _____ NO V^ if ves. estimate tne numoer ot woncert:

AMAM

UKEUHOOD OF EXPOSURE

i JSPECTtD CONTAMINATION: Suriiov i
Brrr tt tne aosvCe? 0f sumo*1

•***-•*•

c**^T_

^^
RESIDENT POPULATION TMREAT TARGETS

:. RESIDENT POPUULTION: •Oetermnt tne iwnoer ot OOOOM oecummff
=r inenomg scnooi or oaveare on or witnm 200 feet ot areas 0* ttnrnenrm
csmjmmation uec &oa Exposure t̂tnwiv Cmena Uct. page !•!.

O oooote « 10 •

2. RESIDENT INDIVIDUAL: it you nave Memriiea a resoent Boouuvon (faenr 21.
i assign a score et SO: otnen»ue. amen a score ot 0.

WORKERS: Use tne tottowmo tanie to as»gn a score easeo on tne total numaer ot
~of«eri at tne faemv ane noarov taentm witn susoeetea cuiuaiiMiaDan:

?e 100
! 101 W

! >i
1,000 I 10

000 15

I £. TERRESTRIAL SENSITIVE ENVIRONMENTS; Use PA Table 7 to MSion • value
| (or eacn terrestrial sensitive cuvnoiwnern on an area ot susoeetea
! sentamviation:

0

/oo
£ RESOURCES

T-

WASTE CHARACTERISTICS

7 Assign me waste i A on page «. WC -

RESIDENT POPULATION TWRPAT SCOHE!

NEARBY POPULATION THREAT SCORE:

LE X T X WC
6ZJDO.

SOU. EXPOSURE PATHWAY SCORE:
Resident f oouianon Threat •*• Noaroy Population Threat



PA TABLE 7: SOIL EXPOSURE PATHWAY
TERRESTRIAL SENSITIVE ENVIRONMENT VALUES

Tfmrrrut &*ntmw eji»»mmi»*tr
Tefrestnai criusai naonat tor Feoeranv ceiicnaiea enaangereo or tnreateneo loectes * 00

: National Pane
i designates Feserat Wilderness ATM

:TerrMtri»i naoiut Known 10 Be us*o Bv f«oer»pv oesianatca or eraoosca tnreiteneo or eneanqerea toeaes 75
! National Prtservt nenestnai)
1 National or Sute tcmstnai WUdlile Refuge I
1 etoerai Una oesionaieo tor creieeuon ot natural cessvctems j
iAoministrativtivoreooseafcoeni WUaemes* Aru i

i areas unnteg av uroe ef own »BOfeoancm of antmin tvtneprate toeoeai for
i Terrestrial naottat uses DV $un ce»cnateo enoangcm V mtnento totems SO

iDmr usefl ov \Q&CMI unocr n^iew tor
: Sute anos oesignateo ter wndirte or game management 2S
{ Sute oeajqruiea Natural Areas
'Pimeuiar »re«i. retativetv tmait «n sat, miuonant te miintenine* B* urnoue Biotie commu»ii*«
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AIR PATHWAY CRITERIA LIST

SUSPECTED RELEASE PRIMARY TARGETS

N U
0 n

- V -_ 3, _ Ar« eoerc currently r«nonaa?

— — Has rsiaas* of • hazardous nmnanca to trw mi
oaan etroetiv oosanrM?

~ Ar« trtera mons ef aav»m •ffteu

from maranon of Iwzaraom
tnrowgn tM *r?

Z Z Do«a anaivneal er circumstantial
sugpan • r*M«sa 10 trw air?

Ottwr ermru?

SUSPECTED RELEASE?

If YOU wssBCt • rw*«*« to air. •vwuat* ell ooeutanoni «no
••nnnv* •nmiortmanu witnm 1 /A NM» Onctuoing Qios*
onsnti as pnmcrv urg«tt.

Surnmani* TIM raoonaia ror SucoaetM MIUCD an aaomoiwi pa«« if n*e«narvt:
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AIR PATHWAY SCORESHEFT

Oo you susoect a reiease tsee Air Pstnwav Criteria ws~ cage * 51'
! Distance to me nearest meivtauai:

re» X No

-IKEUHOOO OF RELEASE

SUSPECTED RELEASE: II vou susoena reiease to sir wee MOt 211. assign a
score of 550. Uit onrv eoiunn * tor im natnwav.

HO SUSPECTED RELEASE: H vou oo not susoect * muse to a*, assign a
irsre ot SOC. Use omv eoiumn • tor was eatnwav.

rARGETS

3 PRIMARY TARGET POPULATION: Determine me numoer at oeoote sumect
to esoosure tram a tusoecteo reiease et nazaroous suostaneei to me air.

SECONDARY TARGET POPULATION: Detenu** me numaer ot •COOM not
susoeeieo to Be cnosw to a reiease to a«. ano uson me totw MOiMtwn
scare using PA Table I.

NEAREST INDIVIDUAL: It you nave Merrritwe any Primary Target Pmuanon
•:• me air catnwav. tisien a score «t SO: etnefwme. assign me Nearest

t score from PA TaMe C.

: »IMARY SENSITIVE ENVIRONMENTS: Sum me sensitive envnonmertt vemes
I IPA Taoie SI ano wetsana acreage vawes iPA Taoie II tor environments sunect
| to eiposurc worn a suspected reiease to me air.

I tec

' SECONDARY SENSmvE ENVIRONMENTS. Use PA T«we 10 to oetermme
:"t score tor seconoary sensitive eiN«ui»iieius.

: RESOURCES

T m

WASTE CHA.RACTkHH>1ICS

. A. H you nave Mentmea any Primary Target tor me a* eatnwev. assign me waste
tnarsctenswa score excuatea on oaoe A, or a Score of 32. wnwnever«

! GREATER: oo not evaluate Dart B et mrs factor.

8. if you nave NOT iaemilieu any Primary Target tor tne air eatnwev. assign me
wane cnaractenmcs scare frmfiftff en page A.

WC -

AIR PATHWAY SCORE: LR « T « WC
B2JOO . IS

A-43



PA TABLE 8: VALUES FOn SECONDARY AIH lAIUiET POPULATIONS

>
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1
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1

1

1
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I0.0M
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•
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1

1

•301%
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to
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•

4

1
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100.00*
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7

100 00 1
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J00.000

16,116
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181
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38

13
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to

1.000.000

61.136

13.034

1.816
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1.611
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PATABIE9: A»R PATHWAY VALUES
FOR WETLAND AREA

PA TABLE 10: DISTANCE WEIGHTS AND CALCULATIONS

WttttmlAnt AtitgnriVth*
l«M ItWfl I •*!•

1 M 60 «cf ••

OrMlw itan 60 M tOO 0e»«»

Gt*»(«f iMn 100 «• ISO MM*

ai«*t*t HIM 160 Mi 1OO M*M

0««*l*l tton »OO t« >OO •«•«

Gi*«l*t ttiwi WO !• 4OO MM*

GlCIlM |M«I 400 10 600 •€!»•

Gt«M*f rtMn 600 MI00

0

IS

75

116

176
160

ISO

490

600

Ft

OttlttKt

Omln

Otf4fri

IM Wm.

JR AlHf

IV«fffftf

e.io

O.019

00054

'ATflWAY SECONDAnY SEWSTTIVE ENvmONME
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« Ali-ti'MLS /9*.rt*. /oa x 00<-y
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SITE SCORE CALCULATION

GROUND WATER PATHWAY
SCORE <S,J:

SURFACE WATER PATHWAY
SCORE {«_);

SOIL EXPOSURE PATHWAY
SCORE lStJ: .

AIR PATHWAY
SCORE IS.):

SITE SCORE:

^

S

«?.V4

/J.bO

J3./S

\ 5^-5^-5^-5.1

\ *

S2

•£ 7S1

/? V. .96

53£"te

/5.V7

SUMMARY

1 . Is there a mgn eossojtfctv ef a threat to any naaroy enniung water wetf(s) by migration ef a
riazaroous auestance m ground water?

A. If yes. identity the well(s).

B. It ves. now menv MOBM are eerved bv the threatened weUisl? AfA

2. i» there a nign eossioiiitv of • threat to any ef the following Dv hazardous substance
migration tn surface weter?

A. Qrinkmg weter mtau
B. Fishery

0. If yes. loentiry the tergetts).
Y^J

r«s.oane«. seftooi. or oavcart tacttnv?

A/A

4. Are there eubitc heeltn concerns st trus site that are net addressed bv PA scermg
eansioeretnns? If yes. expievv j + /) *

A»rte, is,f/-farr ^ 3 '
/

YES

=

NO

X

X
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APPENDIX C

SITE PHOTOGRAPHS



South view of site from Hopi Point.

West view of site from Maricopa Point.
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Aerial view of the "glory hole" at the lower mine area.

> -»• - «w~>ffirg»

- ^ **? » &** 1 *

SHEDS -

Aerial view of the "glory hole" and the tower mine area sheds.
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r Southeast view of area northwest of site with scattered tailings
outside the site fenced area.

r

r

Northeast view of center of site with the main shaft headframe beyond.
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East view of tailings hopper at main shah.

.;; I '.'••\'-''''^.-:^'^r^^^r* „;. i-r^rr'.-''• ^" ;. +:~*'r^**$t&-

'•f '. '>. .•*'.>•»' :•>.« >-1: fr;S "v<-V-.;..'.

South view of concrete ore pad at south corner of site.
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Southeast view of the main shaft headframe at the canyon rim.

Southwest view of the southeast side of the site with the
concrete ore pad beyond.
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View of mine ore cores at site.

North view of area northwest of site with scattered mine tailings.
West comer of site at right.

C-6



Northeast view of northwest edge of site with the Canyon beyond.

Northeast view of the southeast side of site with scattered
mine tailings on road.
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Northwest view of the diese! underground storage tank fill spout covered
with mine tailings. Northwest edge of site indicated by the fence beyond.

South view of diesel underground storage tank with west corner of sfte beyond.
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APPENDIX D
SITE INVESTIGATION WORK PLAN

The following discussion outlines the site investigation work plan. The work plan is

divided into three tasks. Task I includes preliminary activities to be performed prior to the

field investigation. Task 2 delineates the field sampling and analysis program. Task 3 describes

report preparation. The attached table presents a cost estimate for completing the following

scope of work.

Task 1 - Preliminary Activities

HLA will attempt to locate aerial photographs of the site from the years 1930 to 1969,

(during mine operation) and a recent aerial photograph of the site. Select photographs will be

purchased to assess historic mine activities at the site and to prepare a base map for the

sampling and analysis program to be performed under Task 2.

HLA will interview additional former mine employees to assist in interpreting the

historic aerial photographs to select appropriate sampling and analysis locations. We will collect

meteorological data from existing resources to assess wind speed and direction to be used during

the risk assessment, as discussed in Task 3.

Once the historical aerial photographs and meteorological data are reviewed, HLA will

develop a sampling and health and safety plan for the field investigation. This document will

identify the specific activities to be performed during the field investigation, required

equipment, sample collection and handling procedures, and specific health and safety issues for

the personnel involved in the field investigation.

Task 1 - Field Investigation

The field investigation involves three primary activities: underground storage tank

closure, radionuclide survey, and site mapping.
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Underground Storage Tank Closure

ADEQ regulations require that before closure, the USTs need to be registered with the

State. At that time, the closure process can proceed. In the field, HLA will assess the presence

of a second UST by digging a shallow excavation in the suspected location. The USTs will be

pumped dry of remaining fluid. The residual fluid will be placed in 55-galion drums and

stored onsite prior to recycling. Once the fluid has been removed from the UST and vapors are

\ented below explosive levels, the UST will be removed with a backhoe, visually inspected for

leaks, and hauled offsite for disposal. The soil surrounding the UST will be visually monitored

and analyzed in the field with a photoionization detector for the presence of petroleum

hydrocarbon vapors. Soils with detected vapors will be excavated and stored onsite on plastic

sheets for subsequent remediation and/or proper disposal. Soil samples will be collected at the

base and sides of the excavations and analyzed to verify that petroleum hydrocarbon-affected

soil has been excavated.

Radionuciide Survey

Previous site surveys have indicated that the radioactive waste material from the Orphan

Mine is not confined to the present fenced area. The intent of the radionuclide survey is to

assess the extent (i.e.. area and depth) of radioactive mine waste at the Orphan Mine. The field

survey wil l evaluate both the area at the canyon rim and the area surrounding the lower mine

workings. Data obtained from the field survey will be used directly in the risk assessment

process. The key components of the field survey include:

- general gamma radiation survey

- grid node gamma radiation survey

- grid node beta radiation survey

- subsurface beta and gamma radiation survey

- physical sample collection for laboratory analysis
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General Gamma Radiation Survey; The land area surrounding the present fenced site at

the canyon rim will be surveyed using a gamma scintillation meter. The purpose of this survey

will be to assess the lateral extent of radiation above natural background and to assess the total

area to be included in the next level measurements. Natural background conditions will be

established with the gamma scintillation meter for locations within one kilometer of the site.

Small flags, fluorescent tape, or wooden stakes will be used to mark this outer boundary.

Grid Node Gamma Radiation Survey; Once the total area with radiation levels above

natural background has been identified, the entire area will be subdivided into square grids 10

meters on a side. Larger or smaller grids may be used depending on the size of the area and

the results of the general survey.

A detailed gamma radiation survey will be made of the grided area using a gamma

scintillation meter. The field personnel will take readings at the surface of the ground and at

about I-meter-high at each grid node location (i.e., at grid line intersections). The area within

each grid square will be scanned by walking slowly over it and observing the uniformity of the

readings and noting the location and magnitude of the highest readings. More detailed readings

will be collected at the ground surface to define the areal extent of the highest readings.

Given the maximum public exposure of 0.002 rem/hr (2 mR/hr) identified in Section

3.3. areas that are identified in the gamma radiation survey that meet or exceed this value will

be identified with a different color of flag, tape, or stake than was used to define the outer

limits of the mine waste area. If the surface level readings are used to define the 2 mR/hr and

higher areas, a conservative estimate of the area exceeding the hourly limit will be obtained.

Total-body exposures that would be experienced by Park visitors and staff would be expected to

be much lower than the readings at the ground surface.
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Grid Node Beta Radiation Survey; Either concurrently or sequentially, the grid node

survey will be repeated with a Geiger-Mueller (GM) counter. Two sets of readings will be

collected, one with the GM meter cover open to measure total beta and gamma radiation, and

one with the cover closed to measure gross gamma activity. Gross beta activity is determined

by subtracting the gross gamma activity from the combined gross beta/gamma activity. As part

of this exercise, gross gamma readings will be collected concurrently with the scintillation and

GM meters to assess the level of agreement between the instruments.

Subsurface Radiation Measurements; Once the surface radiation survey data have been

collected, the areas of highest surface radiation readings will be examined to assess locations for

subsurface radiation measurements. Subsurface areas should be measured because areas with

high radiation could result from the presence of subsurface material with high radiation. A few

areas of low readings will also be examined because the potential exists for higher subsurface

radiation readings in areas where low readings were encountered at the surface. The excavation

equipment used to remove the USTs will be used to dig shallow trenches across a few of the

identified areas. The trenches will likely begin and end in the areas of the low radiation

readings and cut a cross section through the zone identified as having the highest surface

readings. Because of the shallow depth underlying the bedrock, it is anticipated that the

trenches will be no more than two feet deep and no wider than the width of a backhoe bucket.

The excavated material and the lateral and vertical extent of the trench will be surveyed with

the scintillation and GM meters to assess the vertical extent of the mine waste. The surface and
• '

subsurface data will be used to an estimate of the quantity of radioactive mine waste at the

upper mine area.
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Physical Samnlc Collection; Soil and rock samples will be collected from various

surface and subsurface locations. Sample collection sites will include:

outside the identified mine waste area

inside the identified mine waste area

areas with radiation readings above background but less than 2 mR/hr

areas with radiation readings above 2 mR/hr

areas inside the shallow trenches

areas with the highest radiation readings

The collected samples will be submitted to a laboratory for gamma spectroscopy analysis.

The primary purpose of the laboratory analyses will be to assess levels of uranium-238,

thorium-230, and radium-226 in each sample. Other radionuclides may be identified using

gamma spectroscopy methods if they are present in the samples at high enough levels.

Survey of Lower Mine Workings; Two members of the field team will hike down to the

lower mine workings to perform a radiation survey of the area surrounding the "glory hole" and

adit. If surface water is present in the lower mine area, a sample will be collected for uranium

analysis. A less detailed survey than was performed at the upper mine area will be made at this

location. It is intended the team members will complete the survey and make the round-trip

hike in one day.

Site Mapping

Upon completing the investigative activities, the horizontal and vertical position of each

marked location (flag, stake, excavation etc.) will be surveyed and tied into a site coordinate

system by a registered land surveyor. These data and other site observations will be used to

develop a detailed base map for the site. Field radiation survey results (beta and gamma) will

be plotted on the base map for use in the risk assessment.
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Task 3 - Project Renorl

A draft report will be prepared and submitted to the NFS for review. The report will

include documentation of the collected data, conclusions, and recommendations for additional

work if required. The report will be revised based on the NFS comments and submitted to the

NFS as a final document.

D-6

®



Hardtng iMnon Associates

TABLE D-l. SITE INVESTIGATION
DIRECT LABOR BUDGET ESTIMATE
ORPHAN MINE SITE INVESTIGATION
GRAND CANYON NATIONAL PARK

ASSOCIATE SENIOR PROJECT STAFF TECHNICAL WORD
TASK SCIENTIST SCIENTIST SCIENTIST SCIENTIST EDITOR PROCESSOR CLERICAL GRAPHICS TOTAL

Task 1 - Preliminary Activities

Geologic summary
Review applicable
state regulations

Aerial photo survey

Task 2 - Field Investigation

Sampling and
analysis plan

Health and safety
plan

Underground storage
tank closure

Radionudide survey

Task 3 - Report

Total hours

Hourly rate ($)
Subtotal cost ($)

8

16 16
16 16

4 8 16 4

2 4 16 4

8 16 36
48 48

1 5 2 5 2 0 0 5

117 89 48 84 13

95.50 63.66 58.13 49.14 35.99
11,174 5,666 2,790 4,128 468

2

4
4

8

8

8

12

46

40.13
1,846

10

36
36

40

34

60
4 108

8 15 100

12 15 424

35.99 35.99
432 540 27,013

Note: Eight field days with two people are scheduled for Task 2.
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Harding LJ
TABLE D-l. SITE INVESTIGATION (continued)

OTHER DIRECT BUDGET ESTIMATE
ORPHAN MINE SITE INVESTIGATION
GRAND CANYON NATIONAL PARK

Tusk I - Preliminary Activities

Aerial Photo Survey

8 Photographs (a. S50 S400

Task 2 - Field Investigation

Sampling and Analysis Plan

Computer time 8 hours @ S25/hour $200

Health and Safety Plan

Computer time 8 hours <& S25/hour $200

Underground Storage Tank Closure

Laboratory fees 5 samples @ S100 each S500
Equipment rental S400
UST Excavation and disposal cost $6,000
(assuming no over-excavation of affected soil)

Radionuclidc Survey

Equipment rental (radiation meters) 7 days <& S90/day S630
Personal protective equipment

(coveralls, boots. TLDs, etc.) S800
Air travel- 2 roundtrips @ S800 $1,600
Per diem/hotel 16 days @ $100 $1.600
Rental car 8 daw @ S50/day $400
Laboratory analyses 20 samples @ $ 100 SZOOO
Surveyor (To be determined)
Miscellaneous (estimate S500) $500

Task 3 - Report

Computer time 25 hours @ S25 $625
Reproduction $200

Total cost $16,055
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Harding Uwton Auoetatm

TABLE D-2. RISK ASSESSMENT
DIRECT LABOR BUDGET ESTIMATE
ORPHAN MINE SITE INVESTIGATION
GRAND CANYON NATIONAL PARK

TASK
ASSOCIATE SENIOR PROJECT STAFF TECHNICAL WORD
SCIENTIST SCIENTIST SCIENTIST SCIENTIST EDrTOR PROCESSOR CLERICAL GRAPHICS TOTAL

Task 1 - Risk Assessment

Hourly rate ($)
Subtotal cost ($)

75

95.50
7,163

40

63.66
2,546

150

58.13
8,720

50

49.14
2,457

16

35.99
576

28

40.13
1,124

8

35.99
288

18

35.99
648

100

23,522

OTHER DIRECT BUDGET ESTIMATE

Task 1 - Report

Computer Time 56 hours @ $25/hr

TOTAL

1,400

$24,922
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